Spleen cells from mice preinjected with high doses of bacterial lipopolysaccharide did not generate antitrinitrophenyl (TNP) plaque-forming cells in vitro to the T-dependent antigen, TNP-sheep erythrocytes, but did generate fully plaque-forming cells to the T-independent antigens, TNP-Ficoll and TNP-Brucella abortus. The immunological activity of B cells from such lipopolysaccharide-preinjected mice was analyzed in the present study. T cell-depleted spleen cells from mice injected with 30 ,ug of lipopolysaccharide 3 days previously did not respond to combined stimulation with TNP-sheep erythrocytes and concanavalin A-induced T cell-replacing factor and had no suppressive activity on normal T cell-depleted spleen cells. Splenic B cells, which were separated from T cells and macrophages from mice injected with 30 ,ug of lipopolysaccharide 3 days previously, responded only partially (about 25% of the control response) to combined stimulation with TNP-sheep erythrocytes and concanavalin A-induced cell-replacing factor in the presence of normal macrophages, but responded fully to TNP-B. abortus, regardless of the presence of normal macrophages. These results indicate that B cells responding to the T-dependent antigens are rendered unresponsive to antigenic stimulation in mice preinjected with lipopolysaccharide, whereas B cells responding to the T-independent antigens are kept intact.
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Bacterial endotoxin or lipopolysaccharide (LPS) can either enhance or suppress the immune response. When LPS is injected into mice at the same time as antigen, antibody production is enhanced (7, 18) . In contrast, when the antigenic stimulation is delayed several days after LPS injection, the response is suppressed (12) (13) (14) 19) . The cellular basis for the adjuvant activity of LPS has been investigated extensively, and the effect of LPS on T cells (4, 18, 20) , B cells (18) , and macrophages (5, 18) has been reported. However, less is known about the suppressive effect of LPS at the cellular level. Recently, the regulatory role of LPS, which was thought to be derived from gastrointestinal bacterial flora, on the immune system of normal mice was reported; T cells from conventional LPS-responder mice suppressed the antibody response to trinitrophenyl (TNP)-LPS of B cells from germfree mice, but T cells from germfree mice did not (9) . In addition, feeding sheep erythrocytes (SRBC) by gastric intubation induced immunological tolerance in LPS-responder mice, but the same treatment induced immunity rather than immunological tolerance in LPS-nonresponder mice (10) . These results indicate that LPS may exert its role in an immunosuppressive way in LPS-responder animals, including humans, that have continuous exposure to LPS via gut bacteria. Therefore, analysis of the mechanism of the suppressive effect of LPS seems important for clarification of the actual effect of LPS on the immune system of animals. The present study was undertaken to clarify the suppressive effect of LPS on the antibody response at the cellular level, focusing on the immunological activity of B cells from mice that had been injected with LPS several days previously. The experimental results indicate that the B cell subpopulation responding to the T-dependent (TD) antigens is rendered unresponsive to antigenic stimulation in LPS-prein-jected mice, whereas other 1B cell subpopulations responding to the T-independent (TI) antigens are kept intact.
MATERIALS AND METHODS
Animals. C57BL/6 mice were purchased from Shizuoka Laboratory Center, Hamamatsu-shi, Shizuoka-ken, Japan. Female mice were used at 6 to 8 weeks of age.
LPS. A phenol extract of Escherichia coli 055:B5 obtained from Difco Laboratories (Detroit, Mich.) was repurified with the hot phenol method (16) and suspended in phosphate-buffered saline (PBS), and the indicated doses were injected intraperitoneally into mice.
Antigens. As the TD antigen, heavily substituted TNP-SRBC were used; as the TI antigens, TNP-Ficoll and TNPBrucella abortus (TNP-Ba) were used. TNP-SRBC was prepared according to a slight modification of the method of Rittenberg et al. (15) . One milliliter of packed SRBC was reacted with 80 mg of sodium trinitrobenzenesulfonic acid (Tokyo Kasei Kogyo, Tokyo) in 10 ml of PBS (pH 7.4) for 30 min at room temperature and washed three times with PBS. TNP-Ba was prepared by the method of Mond et al. (11) and was a gift of T. Tadakuma, Keio University, Tokyo. The preparation of TNP-Ficoll was described previously (17) . Lightly substituted horse erythrocytes (TNP-HRBC) used for detection of anti-TNP plaque-forming cells (PFC) were prepared as follows: 1 ml of packed HRBC was reacted with 10 mg of sodium trinitrobenzenesulfonic acid in 10 ml of PBS for 10 min and washed three times with PBS.
In vitro tissue culture and PFC assay. Nucleated spleen cells (7 x Removal of macrophages and T cells from spleen cells. Macrophages were removed by serial passages through petri dishes and Sephadex G10 columns (18) . Macrophages present in the recovered cells after these procedures were present in less than 0.1% as estimated by nonspecific esterase staining. T cells were removed by treating spleen cells with the monoclonal anti-theta antibody produced from hybridoma H013 cells (8) . The antibody was a gift of H. Ishikawa, Keio University, Tokyo. Spleen cell suspensions Effect of LPS preinjection on in vitro PFC response of whole spleen cells to TD and TI antigens. Preliminary experiments were done to define conditions for the LPS-induced immunosuppression and to learn whether suppression was exerted in response to the TI antigens as well as to the TD antigen, TNP-SRBC (19) . Spleen cells from mice injected with graded doses of LPS ranging from 0.1 to 50 ,ug 3 days previously were cultured in vitro and stimulated with TNP-SRBC or the TI antigens, TNP-Ficoll and TNP-Ba. The anti-TNP PFC response was assayed on day 4 of culture. Ten experiments were done, and similar results were obtained in all of them. The response to TNP-SRBC was sharply reduced by preinjection of increasing doses of LPS (Fig. 1) . In contrast, the response to TNP-Ficoll and TNP-Ba was not suppressed at all over this LPS dose range. The duration of the effect of LPS preinjection was determined by injecting 30 ,ug of LPS on various days before culture. Spleen cells from each group were cultured with TNP-SRBC or TNP-Ba. Two experiments were done, and similar results were obtained in both. Unresponsiveness to TNP-SRBC was observed 1 day after LPS injection, and recovery from the unresponsiveness began by day 8 (Fig. 2) . In contrast, the response to TNP-Ba from two groups would be lower than the mean value of the responses of the two groups. Two experiments were done, and similar results were obtained in both. The magnitude of the response of the combined culture was much higher than the mean value of the two groups ( Table 2 ), indicating that suppressor cells were not responsible for the LPS-induced unresponsiveness of T cell-depleted spleen cells to combined stimulation with TNP-SRBC and TRF.
Immunological activity of B cells from LPS-preinjected mice. As T cell-depleted spleen cells contain B cells and macrophages, the unresponsiveness could be caused by inactivation of macrophages or B cells. To test directly the immunological activity of B cells from LPS-preinjected mice, the anti-TNP PFC response of B cell preparations that were separated from T cells and macrophages was compared between control and LPS-preinjected groups. Adherent cell monolayers (macrophages) were prepared from normal spleen cells. Splenic B cells from normal mice and mice injected with 30 ,ug of LPS 3 days previously were prepared by serial passages on glass petri dishes and Sephadex G10 columns, treated with anti-theta antibody and complement, and cultured with or without macrophages. The cultures were stimulated with TNP-SRBC or TNP-Ba. ConA-induced TRF was added 48 h after the start of culture in TNP-SRBCstimulated cultures. Four experiments were done, and similar results were obtained in all of them. The response to combined stimulation with TNP-SRBC and TRF was dependent on the presence of normal macrophages, and B cells from LPS-preinjected mice responded only partially to combined stimulation with TNP-SRBC and TRF in the presence of normal macrophages (Table 3 ). The PFC response of the LPS-preinjected group in the presence of normal macrophages was about 25% of the control group at TRF doses of 20 and 60 RI. In contrast, the same B cell preparation from the LPS-preinjected group responded to TNP-Ba to a degree comparable to B cells from the control group, regardless of the presence of normal macrophages. The results indicate that the B cell subpopulation responding to the TD antigen in mice preinjected with high doses of LPS is in a state unresponsive to antigenic stimulation, whereas other B cell subpopulations responding to the TI antigens are kept intact.
DISCUSSION
The present study was undertaken to clarify the suppressive effect of LPS on the antibody response at the cellular level. We focused the study on the immunological activity of B cells from mice that had been injected with high doses of LPS (30 to 50 ,ug) several days previously. The results indicate that the B cell subpopulation responding to the TD antigen is rendered unresponsive to antigenic stimulation by LPS preinjection, whereas other B cell subpopulations responding to the TI antigens are kept intact. This conclusion is based on the following observations: (i) whole spleen cells from LPS-preinjected mice responded poorly to the TD antigen, TNP-SRBC, but responded fully to the TI antigens, TNP-Ficoll and TNP-Ba (Fig. 1, 2, and 3) ; (ii) T cell-depleted spleen cells from LPS-preinjected mice did not respond to combined stimulation with TNP-SRBC and TRF (Table 1) ; and (iii) purified B cells from LPS-preinjected mice responded only partially to combined stimulation with TNP-SRBC and TRF in the presence of normal macrophages, whereas the same B cell preparation responded fully to TNP-Ba, regardless of the presence of normal macrophages ( Table 3 ). The presence of suppressor cells, reported by us and others (13, 19) , does not appear to be responsible for the findings presented in Tables 1 and 3 ; T cell-depleted spleen cells from LPS-preinjected mice did not suppress the response of normal T cell-depleted spleen cells to combined stimulation with TNP-SRBC and TRF ( we found that the LPS was mitogenic to B cells from an LPSnonresponder C3H/HeJ mouse strain. We repurified the LPS with the hot phenol method and got LPS without mitogenicity to B cells from this strain. In the present study we used this repurified LPS, and in the previous study we used LPS without repurification. In the present study, in a group preinjected with a small dose of LPS (1 ,ug) , T cell-depleted spleen cells responded fully to combined stimulation with TNP-SRBC and TRF, although whole spleen cells did not respond to TNP-SRBC ( Table 1) . The results are similar to the two studies in which LPS was injected at doses of 10 ,ug (14) and 50 ,ug (19) . The strength of LPS activity seems to be higher in the present study than in the other two studies.
The present study showing that a B cell subpopulation responding to a TD antigen is selectively inactivated in LPSpreinjected mice does not mean that T cells and macrophages are not affected by LPS preinjection. We reported previously the generation of suppressor T cells as well as the failure of helper T cell induction in LPS-preinjected mice (19) . With regard to the effect on macrophages, we found that macrophages from LPS-preinjected mice were ineffective in cooperating with T cells in ConA-induced TRF production and with B cells in an antibody production (manuscript in preparation). It seems likely that LPS affects the immune system by inducing multifocal immunosuppression.
